was born in katanning, 200 km east of Perth in the wheat belt, where his father Alfred James Beckwith (1878-1951), a builder and carpenter, and mother ethyl Blanche (née strutt), both born in Melbourne, had settled. he had moved to Perth at the age of 12 years upon winning entrance to Perth Modern school, afterwards qualifying as a pharmacist and owning a business in central Perth. Beckwith noted that, of his great grandparents, three were scottish, two english, one German and one scandinavian, and that all had arrived in Australia in the mid nineteenth century. in a detailed history of his Beckwith antecedents, he traced them to seventeenth-century leeds and noted earlier manifestations of the Beckwith name in Yorkshire. it is attached to church bells and some thirteenth-century silverware in York Minster, and to the village of Beckwithshaw, near harrogate.
Both laurence and Doris Beckwith were talented musicians. laurence appeared frequently for the national broadcaster (Australian Broadcasting commission) and sang with local choirs. the rich family life of music and reading was augmented by the presence in the Beckwith household of Doris's parents, who lived with them during the Depression years. Grandfather Johnson was a strong influence on young Athel's interest in carpentry and model-building, and in outdoor life that included time spent in the nearby bush, in fishing at Fremantle and swimming.
Schooling
Athel's first few years at school were completed in Perth at Mt hawthorn and leederville primary schools, but in 1942 Athel with his mother, two brothers and grandmother were evacuated to the Porongurup area some 400 km south of Perth. evacuations from actual and potential war zones took place under the aegis of revised regulations on national security and were implemented in the northern territory, Queensland and western Australia. Athel attended Mt Barker school, undertaking his sixth-grade studies as a pupil in a combined class (grades 6-9) that enabled him to take his studies beyond those set down for primary school. he credited the excellence of his teacher, Mr Best, for the success of several Mt Barker students, Athel among them, who won scholarships to study at the state's premier secondary school, Perth Modern, to commence their studies in 1943.
things went well for a few months, in both academic and sporting fields (he was captain of the basketball team), but in April young Beckwith was struck down by an illness that kept him out of school until he was able to resume in 1945. the initial diagnosis was that extreme pain in his leg was caused by poliomyelitis, known as infantile paralysis because of its major impact on the group most vulnerable to this viral infection. this was an obvious diagnosis because at the time Perth was in the grip of one of three major epidemics that swept Australia in the middle years of the twentieth century. this was incorrect, however, and the mistake could have proved fatal. it was some months before the correct diagnosis of osteomyelitis, a staphylococcal infection of the bone, was made, but by that time the disease was well advanced. the infection was treated with sulpha drugs and with the then-new penicillin, obtained for him by an American serviceman who was billeted with the family, but it was seven years before Athel was free of the bacterium. the result of the disease, the long convalescence and slow bone regrowth was that Athel's knee and hip joints became fused, leaving him with a permanent limp, but determination allowed him to pursue an active life of bush walking and body surfing.
while he was out of school, Athel had read broadly and also studied by correspondence, and so, subject to a performance review at the end of the first term, he was allowed to retain his place with his erstwhile classmates. short periods of hospitalization over the next two years did not affect his academic performance, although he never mastered latin and dropped that subject as soon as possible. he completed his final (matriculation) year in 1947 with the rare feat of Distinctions in all seven subjects (mathematics A, mathematics B, applied mathematics, english, physics, chemistry and music).
Athel had piano tuition from about the age of six years, and in his mid-teens he added composition and then turned to jazz, a skill that greatly enhanced his social standing. A year or two later the sound of George Gershwin's 'rhapsody in Blue' drew him to the clarinet, which he studied under a leading musician and played in the ABc training orchestra. his clarinet repertoire remained classical, and he played as a member of small groups over the next 50 years. true to his first love, however, he was both a jazz and classical pianist (figure 1).
UnIveRsITy of WesTeRn aUsTRalIa
Beckwith's interest in chemistry made his choice of undergraduate studies at the university of western Australia (uwA) an easy one, and he completed his Bsc with major studies in third-year organic and inorganic chemistry. the staff members of the chemistry Department at the uwA, although mostly Australian-born, had gained overseas experience and were equipped to pursue research in several fields. in addition, there was a flow of talented students, especially in chemistry, who were subsequently to occupy prominent positions in Australian science.
Athel's main interest was in the field of organic chemistry-he liked preparative chemistry and he had enjoyed the lectures by D. e. white on organic natural products. in 1951 Athel began his honours year with white, contributing to work on triterpenes in Australian native plants that was published in succeeding years. when white went on sabbatical leave, Athel came under the supervision of another young staff member, Dr J. Miller, who had introduced to the department the electronic theories then being developed in Britain by sir robert robinson Frs and christopher (later sir christopher) ingold Frs. this led to several joint publications exemplifying Miller's interest in nucleophilic substitutions at electron-deficient aromatic carbons, and saw Athel graduate in March 1952 with first-class honours in organic chemistry.
rather than proceed to PhD studies that were then becoming available in Australia (rae 1999), Athel took a position as graduate assistant in the chemistry department and also enrolled in a Master of science degree to be completed by research. his departmental duties included some lecturing and a good deal of laboratory supervision, but did allow time for research. his research concentrated on the reactions of diazonium salts with various substances, which are important steps in the production of many dyestuffs, but his attempts to elucidate the reaction mechanisms by studying their kinetics came to grief over unexplained variability in the observed reaction rates. 'i couldn't understand what was going on', Beckwith said, and 'later i returned to this problem', publishing work with PhD student Gordon Meijs on cyclization reactions of diazonium salts, which were later shown to have considerable synthetic potential.
As the year progressed, Athel made plans to take up a scholarship made available under the hackett Bequest to the uwA for him to study for the PhD degree in london with Professor Derek Barton (Frs 1954). he changed direction, however, when the head of chemistry at the university of Adelaide, Professor Macbeth, contacted him through the uwA head, Professor Bayliss, and asked him to come to Adelaide as junior lecturer. Athel and kaye Marshall had become engaged in the spring of 1951, and in January 1953, a few days after her 21st birthday, they were married; after starting their honeymoon in Perth they set off a week later for Adelaide, on the MV Westralia. Athel and kaye shared interests in books, music and the outdoors, and their wedding marked the formal beginning of a partnership in which kaye developed her own career while playing an important adjunct role in Athel's.
Beckwith's teaching duties in Adelaide were not in organic chemistry but in inorganic and physical chemistry, in which he noted that he managed to stay 'one lecture ahead' of his students. in his research he explored mechanisms of reactions and also did some work on natural products and synthesized thyroxine analogues. in october he wrote to the uwA requesting that his candidacy be transferred from Msc to PhD; this was granted in the following month, with G. M. Badger, who had recently arrived in Adelaide (rae 2009), being suggested as a possible supervisor. the thesis topic was to be, echoing Miller's influence and Beckwith's interest in electronic theory, 'some aromatic nucleophilic displacement reactions'. the overseas doctorate still beckoned, however, leading to a successful application for a commonwealth scientific and industrial research organisation (csiro) overseas scholarship. Beckwith's aim was again to work with Barton on natural products, but the chief of the csiro Division of industrial chemistry, ian wark, thought there might be a better alternative, and approved of Beckwith's second suggestion that he should work with w. A. waters (Frs 1954) , an expert on free-radical chemistry, at oxford university. this interest in free radicals had its roots in the erratic kinetic results obtained in Perth, and it led to more than 50 years of research for Athel Beckwith.
oxfoRD
Athel and kaye and their baby daughter, catherine louise (born in october 1953), travelled to england on the ss Orcades, arriving in london in november 1954 and proceeding to oxford a week later. At that time only a few chemists were working on free radicals, and many, including robert robinson, did not believe in them. however, after initially deriding chemists such as waters who had staked their careers on the existence of the highly reactive and therefore fleeting entities, robinson was unusually magnanimous in stating that they had been right all along (norman et al. 1986 ). waters was a gentle supervisor who encouraged his students to develop their ideas, and he reserved saturday mornings to visit the laboratory and discuss progress with them. Four publications resulted from Beckwith's studies of the attack of radicals on aromatic systems. A fellow student, r. o. c. (Dick) norman (Frs 1977) was co-author on one of these papers and he became the first of a 'family' of free-radical chemists with whom Beckwith developed strong personal and professional ties. Both contributed to a chemical society publication in 1970 marking waters's retirement (8)*.
Although Athel was attached to Balliol college, where he dined in twice a week, the family had to live out. the scholarship did not support more than basic living, so the Beckwiths took in one or two students as lodgers, an arrangement that required kaye to take out a licence as a boarding-house keeper. As well as providing rental payments, the students helped with babysitting, enabling the parents to take part in the rich social life of the oxford community. their social circle included other Australians, among them r. J. (Bob) hawke and his wife hazel. Bob was a friend from Athel's primary-school days who had been a year ahead of him at Perth Modern; he subsequently served as Prime Minister of Australia from 1983 to 1991.
Previous laboratory experience, typical of Australians proceeding to postgraduate work in Britain after Master's degrees or other research experience, enabled Beckwith to complete his DPhil degree within two years and see it conferred in october 1956. the family despatched most of their goods and moved to london in november in readiness for the return journey to Australia, only to learn that their ship was trapped in the red sea by the crisis that followed British, French and israeli attempts to regain control of the suez canal from egyptian authorities. the csiro extended its scholarship support and the Beckwiths made the best of their time in the capital that freezing winter. the entertainer rolf harris, another Perth Modern acquaintance, visited them from time to time to share the warmth of their oven, and the family became adept in that cold winter at finding warm places, among which were art galleries and the hothouses at kew Gardens.
while they waited for a passage home, Athel continued experimental work at oxford with waters and norman, and writing at home in london, and he was grateful to accept an invitation from the chemical society to present the results of his oxford work at a conference in london, where for the first time he addressed a high-level audience. eventually in February they were able to begin their homeward voyage around the cape of Good hope, but there were further delays when the ship broke down in cape town and the necessary repairs there and in Durban delayed them for a week. they did not waste the opportunity to explore the hinterland but found the Apartheid regime everywhere oppressive.
ReTURn To aUsTRalIa the Beckwiths arrived in Melbourne in early 1957. life was pleasant there, but the pace of research at the csiro was leisurely and kaye wrote that 'for the first and only time in my married life i had a nine to five husband', although things got busier when their second child, Paul, was born in september 1957. Beckwith had joined the research group of h. h. hatt at csiro's Fisherman's Bend laboratories, where the aim of the research was to find uses for wool wax. Athel was assigned the task of functionalizing the main component, lanosterol, with a view to converting it to possibly useful chemical substances. Background reading revealed that a related but better-known sterol, cholesterol, became oxidized during storage and that a new hydroxyl group was introduced in the hydrocarbon side chain, remote from the only sites of chemical activation, the hydroxyl group at the 3 position and the c5-c6 double bond. Beckwith's attempts to oxidize cholesterol in solution did not produce the diol, 25-hydroxycholesterol, but oxidation of the crystalline solid suspended in water or spread on a glass plate did so. Beckwith ascribed this selectivity to the way in which cholesterol molecules were packed into the crystals so that the side chains were exposed on the surface, as had been demonstrated by X-ray crystallography.
the work was published in the following year (1), by which time Beckwith had taken up a lectureship at the university of Adelaide, and it was some years before he returned to the matter of remote functionalization in steroid molecules. he noted that the conversion of readily available cholesterol into steroid hormones proceeded by degradation of the side chains of molecules in which the cholesterol functional groups were protected against oxidative attack. In Beckwith's hands, the reaction of chromic acid with 5α,6β-dibromocholestan-3β-yl acetate, followed by debromination and hydrolysis, gave a 2% yield of the 25-hydroxy derivative, which he proposed was the initial product from which further oxidation products, isolated by him and other workers, were formed (3).
Beckwith's first research at Adelaide was similar to that of his oxford work, producing a series of papers on oxygen-centred radicals. work on aromatic substrates also continued and he reviewed the field (2) before exploring analogous reactions with ferrocene but returned to this old interest from time to time. Beckwith's colleague and head of department, Professor Geoffrey Badger, was interested in the ability of polycyclic hydrocarbons to induce animal cancers, and this led Beckwith to speculate about possible chemical pathways through which this carcinogenesis might be activated. thinking, naturally, of free radicals, he investigated the reactions of sulphur-based radicals with aromatic substrates and found a rich field of chemistry (4). even though naturally occurring thiols such as glutathione and cysteine took part readily in such reactions, the carcinogenesis hypothesis could not be confirmed and the work was abandoned, although sulphur-based radicals were later found to be useful in organic synthesis.
Beckwith was active in the affairs of the royal Australian chemical institute, which in 1960 awarded him its rennie Medal (named after the first professor of chemistry at Adelaide) for the most meritorious research by an Australian chemist under 30 years of age. At the end of the year he was promoted to senior lecturer and three years later to the rank of reader. Beckwith had not forgotten his earlier desire to work with Barton at imperial college, who at the time was engaged in research on remote functionalization of the kind that Beckwith had explored with cholesterol. so, supported by a travel grant from the British council under the commonwealth universities interchange scheme, he took sabbatical leave from Adelaide and travelled with his family to spend 1962 in london. there, Barton's group had been unsuccessful in achieving remote attack by oxygen-based radicals generated from hypoiodites, but Beckwith found that ultraviolet irradiation of N-iodoamides, and hydrolysis of the resulting γ-iodoamides, produced the desired γ-lactones (5).
Beckwith's time in london was extended because the first two months had been lost while he underwent back surgery. he had experienced pain before leaving Adelaide, and had the good fortune on the voyage to Britain to encounter a fellow passenger, a neurosurgeon, who diagnosed spinal degeneration and arranged treatment for him in london. As well as the experience of working in Barton's laboratory, Beckwith had renewed old acquaintances in Britain and also attended the 1962 international union of Pure and Applied chemistry (iuPAc) symposium on natural Products chemistry in Prague. in addition he had visited the technical university of eindhoven to learn about mass spectrometry, and he had discussions with chemists at the national university in singapore when his ship called there.
Back in Adelaide, Beckwith found that γ-lactones could also be formed from N-chloroamides, but that oxidations of carboxylic acids gave only poor yields of lactones. turning to other reactive nitrogen species, he and his students found that the oxidation of primary amides generated nitrene species r-co-n:, which rearranged to isocyanates and could be trapped as acylamines (6) . this was reminiscent of the well-known curtius reaction in which the nitrene was generated by the thermal decomposition of acyl azides. there followed a series of papers on oxidations by lead tetraacetate.
the year 1964 was an eventful one, first on account of the birth of the Beckwiths' third child, claire, and then the resignation of Professor Geoffrey Badger to take an executive position with the csiro, from which he was not long afterwards to return to the university and become Vice-chancellor. Athel applied for the Adelaide chair, as he did for a corresponding chair at the university of western Australia, and there was delay while the institutions decided on their respective appointments, until in February 1965, at the age of 35 years, he took up the position of Professor and head of the Department of organic chemistry at the university of Adelaide.
under the generous conditions prevailing at the university of Adelaide, Beckwith was able to take sabbatical leave in 1968 to work with his fellow-student of oxford days, Dick norman, who was by then Professor of chemistry at York university in the uk. kaye's environmental activism-opposition to development in 'green' zones-had led to her election as councillor in the city of Mitcham, but she took leave and the whole family travelled by ship, the ss Himalaya, leaving Adelaide on 6 January 1968. the particular focus of Beckwith's study programme was electron spin resonance (esr) spectroscopy (figure 2). energy at microwave frequencies could be absorbed by the unpaired electrons of free radicals when the species were held in a strong magnetic field, and commercial instruments were becoming available that were suitable for routine use by organic chemists who only a few years earlier had been unconvinced of the importance of these reactive intermediates. the major feature of the esr spectra they obtained was the fine splitting on the esr signals, which revealed the relationships between the free electrons and nearby nuclei such as those of hydrogen and nitrogen atoms, the size of the fine splitting being generally related to the number of intervening chemical bonds.
while in the uk Beckwith took the opportunity to visit other research laboratories and also wrote up a good deal of Adelaide work, which was published later that year. in october 1968 the family travelled to canada and America, where Athel, with support from the carnegie Foundation, undertook a gruelling lecture tour-30 universities in three months-during which he made some important contacts. one was with Professor cheves walling, the leading American free-radical chemist, and the other was Dr keith ingold (Frs 1979) , at the national research council of canada. Beckwith and ingold visited each other on several occasions, remained close friends and shared several research publications.
working together at the university of York in 1968, Beckwith and norman had found new ways to generate alkyl and aryl free radicals within the cavity of an esr spectrometer, and their results were reported early in the following year. large, expensive scientific instruments such as nuclear magnetic resonance (nMr) and esr spectrometers and mass spectrometers were becoming essential to the practice of organic chemistry. Adelaide's first nMr spectrometer had been installed in 1962, and in May 1966 Beckwith had made a three-week visit to the hitachi company in Japan to learn about the operations of the mass spectrometer that was soon to be delivered to Adelaide. while he was at York it became clear to Beckwith that esr was also a technique that he needed ready access to in his laboratory, and so one of the first things he did on returning to Adelaide in early 1969 was to approach the Australian research Grants committee for funding. Fortunately, there were at the time uncommitted funds that had to be expended by the end of the financial year (30 June), so Athel got his spectrometer promptly. the first results were obtained by a graduate student, w. B. (Bill) Gara, and published as research notes that same year, describing aryl radical cyclizations, with full papers following some years later.
one of the lead tetraacetate reactions (7), in which pyrimidinediones were produced, attracted the attention of the Maumee chemical company, a us manufacturer of heterocyclic compounds and part of the sherwin williams group, whose interests lay in paints and other surface coatings. they contacted Beckwith in early 1969, offering to pay the cost of relevant patents that Beckwith would then assign to them in return for payments to the university. the Australian market for such chemical substances was small, but worldwide demand was likely to be sufficient for an international manufacturer to benefit from them, so the university allowed patenting to proceed. A German patent, no. 1926475, was granted in December 1969, naming Beckwith as inventor. subsequent us patents, nos 388750, 3947416 and 3947442, were granted to Beckwith in 1975 and 1976 and assigned to the sherwin williams company. A later review (coppola 1980) described the lead tetraacetate oxidation as 'the method of choice' for the production of such compounds. in 1985 the patents were reassigned to the PMc specialties Group inc., and their coverage has since expired. in 1968, however, students for Democratic Action, a radical group at the university, accused the university and Professor Beckwith, in particular, of working for the us 'military industrial complex'. there ensued demonstrations at meetings of the university council-where the matter was listed in confidence as 'agreement between Professor Beckwith and an unnamed American company'-and in the Department of organic chemistry, during which Beckwith was defamed and several chemistry students were arrested. the fact was that Maumee intended to use the chemicals as corrosion inhibitors and for ultraviolet protection, certainly not the herbicides then being used by American troops in Vietnam, which were in the students' minds. the fuss eventually subsided and harmonious relations were restored. the years 1970-75 marked a productive period for the Beckwith group, and Athel was elected to Fellowship of the Australian Academy of science in 1973. in his laboratory esr spectroscopy became a customary tool, whereas kinetic methods were often used to study reaction mechanisms, especially where rearrangements were involved. Beckwith was a recognized expert in rearrangements and published a succession of reviews on this topic (8, 9, 14) . the development in the late 1960s of the principle of conservation of orbital symmetry, and adumbration of the 'woodward-hoffmann rules' by the chief supporters, led to great interest among organic chemists. Although orbital symmetry never played a big part in Beckwith's analysis of reaction mechanisms, he did explore ideas of stereo-electronic control of reaction mechanisms, beginning in 1971 and continuing for many years (10, 11, 15) . Beckwith was assisted in coming to an understanding of the principles by the Australian theoretical chemist leo radom, and the two shared authorship of some articles. in 1980 and 1981 Beckwith published guidelines on these aspects of radical reactions (16, 17) , and these were often referred to as 'Beckwith's rules' (table 1).
in Adelaide Beckwith had acted as a consultant to several small companies, but in 1972 he accepted an invitation from the chief of csiro's Division of Applied chemistry in Melbourne, Dr David solomon, to be a consultant to the organization's work on copolymerization of allylamines that were to be used in the sirotherm ion-exchange resins (spurling 2011). Beckwith devoted one day a month to this activity, in return for a modest consulting fee (subsequently used to facilitate conference travel) and rights to co-authorship, which yielded a series of published papers covering practical and theoretical aspects of free-radical copolymerizations, especially of diallylamines from which industrially important polyamines could be formed (12) . later he was to consult on polymer chemistry for the paint manufacturer Dulux, and also to be involved in other collaborative work with csiro researchers.
Beckwith was aware that several enzyme-mediated chemical changes in natural systems involved attack at apparently unactivated positions in molecules. some free-radical reactions have this characteristic, and Beckwith speculated that free radicals might be involved in the natural systems. he pursued this interest by taking a year's leave from Adelaide to work at oxford with sir ewart Jones Frs, an expert in biological chemistry. now eschewing ship travel, Athel and his family flew first to Athens, and he visited several other european scientific centres of chemical research on their way to england. During the year Athel was able to visit north America to attend the Gordon conference on Free radicals, and to visit keith ingold in ottawa to initiate collaboration that involved work on free-radical chemistry. returning to Australia a year later, the Beckwiths travelled via Moscow and singapore, where again Athel met with chemists. During the year he lectured at several uk and european universities and attended conferences, including the international conference on Free radical chemistry, in italy, where he chaired a session. the involvement of free radicals in enzymic reactions could not be demonstrated and this, plus the lack in Adelaide of the microbiologist collaboration that Jones enjoyed at oxford, meant that there was no direct follow-up when Beckwith returned to Adelaide.
however, thinking about remote functionalization rekindled Beckwith's interest in reactions taking place at crystal surfaces, which he had investigated for cholesterol many years before. the result was several articles reporting reactions of ozone with solid substrates (13) . later, the biological interest led to a study of free-radical formation in vivo from the anaesthetic halothane. Beckwith's continuing interest in possible involvements of free radicals in biological systems led him in 1979 to embark on an eight-month study leave, taking kaye and the two younger children, to work at oxford with Professor Jack Baldwin Frs. A joint publication arose from that period and was followed up in Adelaide with other studies. these were the formation of a β-lactam in a free-radical reaction that demonstrated a possible biosynthetic route to penicillin (18), and the synthesis of other β-lactams in fused ring systems (19) . While he was away, Beckwith gave invited lectures at several universities and research centres in uk, France and israel, and attended the euchem conference on Free radicals, which had become a major venue for presentation of his work.
it was not all chemistry in Adelaide. Both Athel and kaye were members of the southern Jazz club and frequently attended its thursday night band concerts in the Flagstaff hotel, 2. substituents on an olefinic bond disfavour homolytic addition at the substituted position.
3. homolytic cleavage is favoured when the bond concerned lies close to the plane of an adjacent semi-occupied orbital or of an adjacent filled non-bonding π-orbital.
and Athel played with the band at the concert they held to say farewell to the Beckwiths from Adelaide. kaye was active in the environment movement, and both of them were involved in promoting social justice for the local Aboriginal community. leaving Adelaide was hard for kaye, who had advanced in her career in municipal government to be a councillor and then an alderman, but after two decades Athel was ready for new challenges and opportunities.
CanBeRRa anD The aUsTRalIan naTIonal UnIveRsITy when Professor Arthur Birch Frs retired from the research school of chemistry at the Australian national university (Anu) in 1980, Athel Beckwith and lew Mander (Frs 1990) were both appointed to professorial positions, with Athel taking up his appointment in mid-1981. Among the advantages he found in canberra were better equipment, including 'a new esr spectrometer that was much more powerful than the one in Adelaide, and a large number of highly proficient and extremely helpful technical staff'. over his Anu years, Beckwith was to benefit substantially from this technical assistance, notably through the work of Dr tony willis, a crystallographer who joined the school in 1985. X-ray crystal structure determinations confirmed structures that helped to elucidate reaction mechanisms. Another important contributor was Dr steven Brumby who did much of the esr spectrometry for the group and conducted research on the analysis of esr spectra.
Freed from undergraduate teaching, and with the strong support that the Anu provided, Beckwith was extraordinarily productive at the research school of chemistry (84 research publications in the decade 1983-92, 15 of them in 1986). not only had the chemistry of free radicals uncovered by the work of Athel Beckwith and others gained acceptance for radicals as real species that had important roles in the mechanisms of many well-known reactions, but the understanding of how to generate and use free radicals had also developed to the point at which radical reactions entered the organic chemist's 'toolbox'. the propensity for formation of five-membered rings was used to advantage by Gilbert stork (ForMemrs 1999) and by D. P. curran, who synthesized fused-ring triquinane natural products. stork covered some of this chemistry when he delivered the 1987 Arthur Birch lecture 'radical cyclisation in natural product synthesis' at the Anu, and a later review showed how synthetic chemists had made good use of free-radical chemistry in the ensuing decade (Jasperse et al. 1991) .
During his canberra years Athel became more deeply involved in the work of the Academy of science, serving as a council member (1983-86), Vice-President (1985-86) and treasurer (1997) (1998) (1999) (2000) (2001) , and he was also a member of a panel appointed to review the funding of research in organic chemistry in Australia (22). kaye gave time to the women's electoral lobby and served as Administrator for the citizens Advice Bureau. their daughter cathy married Martin Banwell, an organic chemist who was later to become Athel's colleague at the Anu, and son Paul completed his DPhil at oxford, working with Baldwin. in the later 1980s Athel served as a consultant to ici Australia, which maintained a research laboratory in that period but abandoned it in the 1990s. his advice was sought on a range of chemical projects but especially on the search conducted for novel herbicides (watson 2011), and he continued as a consultant to Dulux.
in canberra kaye deepened her interest in Aboriginal art and held positions in environment groups, but despite these local involvements she was often free to join Athel as he continued to travel extensively to present research results at conferences and to visit other laboratories where he was able to learn of recent or forthcoming developments and to engage in discussion with other free-radical chemists. From his earliest days as a research leader he was always 'hands on'. Just as a sabbatical leave at York had enabled him to develop esr methods that he was to take home to Australia, a period spent with Professor Alwyn Davies (Frs 1989) in london allowed him to begin work with molecular mechanics calculations that were then developed in canberra (figure 3). other numerical methods came later.
in research at Adelaide and canberra, free radicals were generated by various means (20), including photolysis and oxidation by copper(ii) ions, but greatest use was made of stannyl radicals, which came into widespread use after 1975 (neumann 1987). chain reactions with these metal-centred radicals, initiated by the fission of azobisisobutyronitrile (AiBn) in the presence of tri-n-butyltin hydride, proceeded by abstraction of halogen atoms from suitably constructed molecules and thus generated specific carbon-centred radicals. From the beginning of his canberra period, although he did not attempt complete syntheses, Beckwith explored free-radical reactions that could be used to construct key sections of the molecular frameworks of natural products. these were inevitably cyclization reactions, which Beckwith explored using kinetic, X-ray crystallographic, esr spectroscopic and theoretical tools. cyclizations were the subject of a major group of research publications and reviews (20, 21). Molecular rearrangements and other chemical reactions were frequently the subject of reaction rate studies, including the determination of absolute reaction rates, and data from the Beckwith group were reported in three major contributions to the landholt-Börnstein series edited by one of the pioneers of free-radical chemistry, hanns Fischer, who spent three months in canberra in 1992. Beckwith and ingold wrote a memoir on him when he died in 2005 (24). The BeCkWITh ChemICal 'famIly' co-authorship of research publications shows an important aspect of Beckwith's status as a scientist. there were early papers on which he was not the lead author, and (as is the custom in the sciences but not the humanities) he shared authorship with graduate students and postdoctoral fellows who had worked under his direction. however, he also collaborated on equal terms with several leading organic chemists from around the world. i have already described joint work with r. o. c. norman, D. h. r. Barton, k. u. ingold and A. G. Davies, but collaborations arose in other ways, too. the French chemist Bernard Maillard, for example, first met Beckwith in ingold's ottawa laboratory, and later shared preliminary results with him that led to joint publications. in another example, the collaboration followed a visit to Bert Fraserreid's laboratory at Duke university.
As the fame of the Beckwith group grew, scientists came to spend periods of leave working with Beckwith, and often brought their families to this (for some, faraway) centre of chemical excellence. some made several visits include swee hok Goh of the university of Malaya, len Dyall from newcastle university, Andreas savitsas of long island university, and Mordecai ruben of israel's technion. some made periods in the Beckwith laboratory stepping stones for migration to Australia. one was stephen Glover, a south African who completed his PhD degree working with André Goosens, who had worked with Barton and Beckwith at imperial college. After a period of leave spent in canberra with Beckwith in 1984, Glover emigrated to Australia and took up a position at the university of new england, in Armidale, in the gaining of which he credits Beckwith's influence. Glover later spent a period of leave in canada, at McMaster university with John warkentin, whom he had met while the two were guests in canberra a decade earlier. Another was Anil Abeywickrema, a sri lankan chemist who had completed a PhD at Flinders university, Adelaide. he returned home to a position at the university of colombo but returned to work with Beckwith and remained in Australia after his postdoctoral experience. students and postdoctoral fellows moving between groups, such as Dean struble, who had worked with Beckwith and Barton before returning to a career in his native canada, formed connections between the groups, and sometimes brought their erstwhile research directors into collaboration. such was the case with ian Davison, a Davies student who was later a postdoctoral fellow in canberra, and Gordon Meijs, a Beckwith PhD from Adelaide days who subsequently spent a postdoctoral period with J. F. Bunnett in santa cruz and brought together Beckwith's and Bunnett's mutual interest in s rn 1 reactions.
the Australian Journal of Chemistry published an issue to mark Beckwith's 65th birthday in February 1995. in his introductory remarks, a Beckwith graduate and later colleague at the Anu, chris easton, outlined Beckwith's career and his achievements, and noted that his work had been cited more than 1000 times in 1992-93. he also spoke of Athel and kaye's support for students and colleagues (easton 1995). the issue included papers from chemists from around the world who had associations with Beckwith's research. in the gracious introduction to his paper, Professor Gerald Pattenden, university of nottingham, commented (Pattenden 1995): few would argue with the leading position that Athel l. J. Beckwith occupies in the line of pioneers of the application of free radicals in contemporary organic synthesis. the plethora of citations and publications from his laboratory are ample evidence of the ingenuity and creativity of his contributions in this area.
Beckwith and his inorganic colleague, Alan sargeson (Bosnich 2011 (Bosnich , 2012 , having reached the statutory age of 65 years, retired at the end of 1995, and a seminar to honour their achievements was held in January 1996. A further symposium was held in 2010 on Athel's 80th birthday.
the 
TRIBUTes
Athel Beckwith was killed in a car crash on 15 May 2010. he is survived by his wife, kaye, who was badly injured in the crash but recovered after hospitalization, and by their three children, Paul, cathy and claire. these three and Beckwith's brother, Graeme, spoke at the subsequent celebration of his life, as did several Anu colleagues. claire read from Athel's favourite book, source of their serialized bedtime stories, tolkien's The Lord of the Rings. the music reflected Beckwith's tastes and abilities-a Mozart clarinet trio and Gershwin's 'rhapsody in Blue' and 'summertime'-while tom lehrer's 'the elements' served to underscore his love of chemistry.
in 2011, almost a year after his death, the Australian Journal of Chemistry again dedicated an issue to Beckwith and in it published articles from a range of Australian and international chemists. the guest editor was Peter Duggan, who had completed his PhD with Beckwith at the Anu in 1990. in his thoughtful introduction (Duggan 2011) Duggan mentioned the 'reaction that Athel would ultimately become best known for-the cyclization of the hex-5-enyl radical' (figure 4)-and 'Beckwith's rules'.
A reflective paper by Algi serelis, a Beckwith postdoctoral fellow from an earlier era, demonstrated the way in which Beckwith developed a deep understanding of free-radical reactions and developed them as tools for the synthesis of polycyclic structures (serelis 2011). Beckwith's former student carl schiesser, now a professor at the university of Melbourne, organized a themed issue of the journal Organic and Biomolecular Chemistry and in a paper with Beckwith as co-author he wrote about the 'dark ages' in which 'free radicals remained largely inaccessible to synthetic chemists' and the 'renaissance period' beginning in about 1970 when key questions were asked and answered, and free radicals became useful and not 'poorly understood curiosities, often scapegoats for unwanted outcomes' (25).
early in 2011 the organic Division of the royal Australian chemical institute renamed their annual lectureship for recently appointed staff in Athel's honour. Funds are provided for the Athel Beckwith lecturer to deliver six lectures in state capitals or major regional centres during the year of the lectureship. Beckwith's continuing influence on chemistry in Australia is perpetuated by the centre of excellence for Free radical chemistry. this dispersed organization, based in several Australian universities, includes several Beckwith graduates, one of whom is the centre Director, Professor carl schiesser of the university of Melbourne, and another, chris easton, is a professor in the research school of chemistry at the Australian national university.
A leading historian of chemistry, colin russell, has described how free radicals joined ion pairs and heterolytic bond cleavage in the chemical orthodoxy by about the middle of the twentieth century (russell 2004), and he credited D. h. hey, w. A. waters, D. h. r. Barton and c. walling with seminal contributions to the field. Athel Beckwith's important role was described by keith ingold in a moving eulogy delivered at the opening of the eucheM meeting on free radicals that was held in Bologna just a few weeks after Athel's death (ingold 2010). in it, he described the Beckwith chemistry, alluded to their long friendship and collaboration, and described Athel as 'an outstanding scientist' and 'one of the great chemists of the twentieth century'. A tribute that pointed to broader interests in life came from the canberra Jazz club, who remembered him as 'the chemistry professor who took on free radicals-and won'. 
